ABSTRACT Extremely short, yet high yielding cultivars of all crop plants are needed to optimize the food production of bioregenerative life support systems in space. In the early 1980's, we examined over a thousand wheat genotypes from the world germplasm collection in search of genotypes with appropriate characteristics for food production in space. Here we report the results of 12 years of hybridization and selection for the perfect wheat cultivar. 'USU-Apogee' is a full-dwarf hard red spring wheat (Triticum aestivum L.) cultivar developed for high yields in controlled environments. USU-Apogee was developed by the Utah Agricultural Experiment Station in cooperation with the National Aeronautics and Space Administration and released in April 1996. USUApogee is a shorter, higher yielding alternative to 'Yecora Rojo' and Veery-10, the short field genotypes previously selected for use in controlled environments. The yield advantage of USU-Apogee is 10 to 30% depending on environmental conditions. USU-Apogee (45-50 cm tall, depending on temperature) is 10 to 15 cm shorter than Yecora Rojo and 1 to 4 cm shorter than Veery-10. USU-Apogee was also selected for resistance to the calcium-induced leaf tip chlorosis that occurs in controlled-environments. Breeder seed of USU-Apogee will be maintained by the Crop Physiology Laboratory in the Plants, Soils, and Biometeorology Dept. at Utah State University and seed is available for testing on request.
INTRODUCTION AND PEDIGREE USU-
SELECTION CRITERIA AND PROCEDURES Single head selections were made in the F 2 to F 4 generations for short height (less than 50 cm tall), erect tillering habit, reduced tillering, and small leaves. These traits are desirable in high yield conditions (Donald, 1968; 1979 HARVEST INDEX AND YIELD COMPONENTS The primary cause of the increased yield of USU-Apogee is increased harvest index, which is 5 to 15% higher than that of Veery-10. Using USU-Apogee, we achieved harvest indexes of 56 and 60% in two greenhouse studies with phasic environmental control (23 o C decreasing to 15 o C after anthesis). Assuming that the root mass was 6% of the total biomass at harvest, the harvest index including roots in these trials would be 50 and 54%. The harvest index of Veery-10 (without roots) was 48 and 49% in these same trials. The increased harvest index of USU-Apogee is primarily caused by a reduced number of late forming tillers, which are often sterile.
RESISTANCE TO CALCIUM-INDUCED "TIP BURN" USU-

In warm environments (constant 23
o C; 60 days from emergence to harvest), heads per m 2 and seeds per head are about 25% higher in USUApogee than in Veery-10, and mass per seed is about 25% less. In two studies in a cool environment (23 o C, decreasing to 17 o C after anthesis; 100 days to harvest), heads per m² averaged 20% greater, seeds per head was 5% greater, and mass per seed was 5% less than Veery-10.
BREADMAKING QUALITY Breadmaking quality was evaluated by the USDA-ARS Western Quality Wheat Laboratory at Pullman, Washington, USA. Milling and baking tests indicated that USU-Apogee has similar quality to Veery-10 and slightly poorer quality than Yecora Rojo. FUTURE BREEDING EFFORTS We recognize the need for even shorter wheat cultivars and are continuing our breeding efforts. We are now conducting a yield trial of an advanced breeding line that is 10 cm shorter than USU-Apogee. This line was a re-selection from the same F 3 plant as USU-Apogee and has the same resistance to leaf tip chlorosis. In March 1996 we planted seed from the F 1 generation from the Parula X Super Dwarf cross and re-selected for genotypes less than 40 cm tall. We are now evaluating selections from the F 4 generation among these genotypes. These lines look exceptionally promising. It appears that we will be able to obtain homozygous lines with heights of 30 to 40 cm. We are selecting for green leaf tip color and high yield. These lines will probably have lower yields than USU-Apogee, but they appear to have higher yields than Super Dwarf.
